The food preferences of the Indian anchovy Stolephorus indicus (van Hasselt, 1823) along the Thiruvananthapuram coast of Kerala was studied for a period of one year from June 2013 to May 2014, dividing the entire period into three seasons as pre-monsoon, monsoon and post-monsoon. A total of 141 samples were collected and the gut contents were analysed. The principal food item was the crustaceans which included copepods, lucifers, mysids, Acetes and amphipods. The other preferred prey items were molluscs (bivalves and gastropods), small fishes, tintinnids and dinoflagellates. The gastrosomatic and stomach fullness indices revealed almost uniform feeding preferences with copepods being the preferred food item throughout the three seasons. Analysis of variance showed significant (p<0.05) dominance of copepods and mysids in monthly consumption. No significant (p>0.05) seasonal variation was observed in the gut contents of S. indicus. Analyses of the different prey indices [prey diversity index (H), niche width indices (B) and prey evenness indices (e)] of S. indicus for the three seasons indicated an almost uniform distribution of prey species throughout the study period which directly indicate the abundance of the prey items and indirectly indicate a stable potential fishery and ecosystem.
Introduction
The anchovies, belonging to the family Engraulidae, are small silvery pelagic fishes widely distributed along the tropical and subtropical regions of the Indo-Pacific. These are one of the important groups of food fishes which contribute significantly to the total marine fish production of India. India occupies 12 th position in the catch of anchovy (FAO, 2006) . Anchovies contributed 45343 t which is around 9.2% of the total marine fish landings of India (CMFRI, 2015) . The Indian anchovy Stolephorus indicus (van Hasselt, 1823) forms an important fishery along the Kerala coast contributing 2.6% in the total anchovy landings of the state (CMFRI, 2016) .
The present study attempted to analyse the food spectrum and dietary preferences of S. indicus from Thiruvananthapuram coast of Kerala. Analysis of the food preferences of an organism helps to give an insight into its life history, habitat preferences and energy requirements. Study of the food and feeding habits of fishes is essential to understand the life history of the fish including its growth, breeding and migration (Bal and Rao, 1984) . Information on the feeding habits of a marine fish and its predator-prey relationship is useful for assessing its role in the ecosystem (Bachok et al., 2004) . Awareness about the influence of maturity stages, age and seasons on food and feeding preferences are of great value in assessing the trophic inter-relations and therefore study of food and feeding preferences forms an inevitable part of fish biology.
The feeding biology of fishes has ever been a topic of great interest to researchers across the world. Some of the outstanding works in this field are those of Hynes (1950) , Maclean (1971) , Hyslop (1980 ), Russel (1983 , Gunn and Milward (1985) , Shaheen et al. (2001) and Hajisamae et al. (2003; 2006) . A handful of information is already available from different countries on the food and feeding ecology of anchovies (Cunningham, 1890; Tudela and Palomera, 1995; Plounevez and Champalbert, 2000; Catalan et al., 2010; Schaber et al., 2010; Raab et al., 2011) . Notable Indian works include those of Venkataraman (1960) , Rabindranath (1966 ), Babu Rao (1967 ), Srinivasa Rao (1964 , Luther (1979) , Thangavelu et al. (1987) and Gopakumar et al. (1995) . Howerver, only very little information is available on the food preferences of the Indian anchovy, S. indicus. Hence during the present study, an attempt was made to investigate details of the dietary contents and feeding preferences of S. indicus.
Materials and methods
Samples of S. indicus for the study were collected from the landings of gillnets, shore seines and ring seines from Vizhinjam and nearby fish landing centers of Thiruvananthapuram coast, Kerala for a period of one year from June 2013 to May 2014. Immediately after collection, the specimens were transported in ice boxes to the laboratory for further analysis.
Fishes in all stages of maturity were included in the study. A total of 141 specimens were examined comprising of 45 males and 96 females. Before gut content analysis, the total length (mm) and whole body weight (g) of samples were recorded using a Vernier calipers and a digital balance (Shimadzu), respectively. The fishes were dissected under a stereozoom dissecting microscope (Leica S8) to examine the sex, fullness of stomach and its dietary components.
The degree of fullness of stomach and the quantity of food contained in it were noted so as to ascertain the extent of feeding (feeding intensity). The degree of distension of stomachs were designated as gorged (50 points), full (40 points), ¾ full (30 points), ½ full (20 points), ¼ full (10 points) and empty (0 points) following the method by Hynes (1950) . A stomach was considered 'gorged' when it was packed with food and stretched fully with thin, transparent walls, 'full' when filled with food and the walls thick and intact and ' ¾ full' when the stomach was partly collapsed with thick walls. Depending on the amount of food present and appearance of the stomach wall, the stomach was further designated as '1/2 full', '¼ full' and 'empty'. Weight of the stomach was measured to nearest milligram in a digital balance (Shimadzu) for the estimation of gastrosomatic index (GSI) which was calculated as per Desai (1970) as: GSI = Weight of the stomach x 100 / Total weight of the fish
The stomach was then cut open and the contents were examined under a binocular microscope. Stomach contents were identified up to group level and whenever possible identification was attempted upto generic level depending on the state of digestion or degeneration of the contents. Based on the season, the entire study period was divided into pre-monsoon (February to May), monsoon (June to September) and post-monsoon (October to January).
The percentage composition of the diet was determined following the points method (Hyslop, 1980) . The percentage of occurrence of each food item was calculated month-wise and a comparison of the mean percentage of occurrence of food items between male and female fishes were also made.
Prey diversity was calculated using the ShannonWiener Information Measure (H) as:
where p i = the proportion of each different food item contributing to the whole diet.
The data from the dietary analyses were used to calculate diet breadth, using the niche width index (B) described by Levins (1968) , using the formula:
This index was used to compare 'specialist' tendencies between species/size classes, with low values of the index indicating specialists and high values generalists (Gibson and Ezzi, 1987) .
Prey evenness (Gibson and Ezzi, 1987) that measures how evenly the prey species are distributed in the diet was calculated as follows: e = where H max = l n S and l n S is the natural logarithm of the number of food types.
Results and discussion
Results of analysis of gut contents during the present study indicated that S. indicus is a zooplanktivorous fish. The diet consisted predominantly of three groups viz., crustaceans, molluscs and small fishes. Tintinnids, dinoflagellates and digested/unidentified matter were the other minor food items observed (Fig. 1) Observations on the diet composition indicated that S. indicus had preference for copepods and preferred to feed on them solely when they are available in plenty. Earlier experimental studies conducted by Vijayaraghavan (1953; 1957) on a related species, S. insularis showed that their post-larvae are purely carnivorous and were found to prey upon planktonic organisms including copepods. Venkataraman (1960) in his studies on the food and feeding relationships of the inshore fishes off Calicut along Malabar coast observed that in S. tri and Encrasicholina heteroloba, (copepods formed a major food constituent in all the months examined. Observations of Rabindranath (1966) indicated that over 60% of the food of S. commersoni consisted of common zooplanktonic organisms such as copepods, ostracods, amphipods, cladocerans, mysids and occasionally fish eggs and larvae were also observed. Luther (1972) reported that the food of E. devisi and S. waitei were mainly copepods, small crustaceans and small bivalves. Direct relationship between zooplankton densities and Anchoviella spp. distribution has been reported along the south-west coast of India (IMR/NORAD/FAO, 1974). Results of the present study also confirmed that the Indian anchovy S. indicus is a zooplanktivorous fish with a clear preference for planktonic crustaceans.
Syda Rao (1988) observed that E. devisi fed on a wide variety of zooplanktonic organisms dominated by copepods. Phytoplankton like Coscinodiscus spp. were also occasionally observed in the diet. Thangavelu et al. (1987) reported that food of S. devisi along the Madras coast was mainly constituted by copepods, mysids, megalopa larvae of crabs, fish eggs, cypris larvae of barnacles and tintinnids. Sporadic occurrence of phytoplankton was also observed by them. The stomach contents of E. punctifer along Vizhinjam, south-west coast of India comprised almost entirely of copepods (Gopakumar et al., 1995) .
Results of the present study on the diet composition of S. indicus is in agreement with the earlier observations on related species. Among crustaceans, copepods made up a greater part of the food (46.73%) throughout the study period. Lucifers were seen in most of the months during the entire period of study with a maximum occurrence in January 2014. Small fishes and fish larvae were found in good quantities in all the months. Bivalves and gastropods though absent in certain months, were more represented in the diet than mysids, Acetes and amphipods. Tintinnids and dinoflagellates seemed to be ingested in lesser amounts in most of the months. The percentage of digested/unidentified matter varied in different months. The monthly percentage of occurrence of different dietary groups is presented in Table 1 .
Copepods and mysids showed significant (p<0.05) dominance in monthly consumption than all other food items. Copepods formed a major food item and contributed nearly 50% of its gut content in all the months (Table 1 ). The percentage occurrence of copepods was least in October which may be due to the lesser availability of the same during that month. Similarly, mysids were preferred during June which could be attributed to its higher occurrence during that period. In case of other food items, no significant difference was observed between months, which indicating absence of temporal variation. Again the results suggested that the food items for the species were abundant throughout year without much variation in their availability.
A comparison of the seasonal occurrence of different food items (Table 2) indicated that in all the three seasons (pre-monsoon, monsoon and post-monsoon), copepods were the most preferred food item, while least preference was for tintinnids and dinoflagellates. No significant (p>0.05) variation was observed between seasons for all the food items present in the gut contents of S. indicus indicating that there was no seasonal preference for food and that the food items were available in the sea during the entire study period.
While analysing the sex-wise preferences of diet components also not much variations (t = 1.023; p>0.05) were found to occur between male and female fishes (Fig. 3) .
Analysis of prey indices of S. indicus for the three seasons (Table 3) showed that the prey diversity index (H) did not show significant variation for the three seasons and was almost uniform throughout the seasons. The niche width index (B) for the entire study period was low ranging from 3.2 to 3.6 which indicated a constant and specialised feeding pattern with crustaceans, molluscs and small fishes forming the main food items. Prey evenness indices (e) for the three seasons indicated an almost uniform distribution of prey species throughout the study period. This also indicate the fact that the food items were available in the sea throughout the study period. 
